This work is a trial to provide lyophilization as a simple method for preservation of continuous cell lines instead of the freezing process in liquid nitrogen. Comparative evaluation of lyophilized African green monkey kidney (VERO), baby hamster kidney (BHK) and Madin Darby bovine kidney (MDBK) cell lines and those preserved by freezing in liquid nitrogen was carried out. Such evaluation on 6 months intervals revealed that both of lyophilized cell cultures showed delayed cell adhesion to the culture surface extending to 2-3 days post culturing while propagated and frozen cells adhered to the culture surface within few hours. However there were an increased number of adhered viable cells in case of loading of cells using trehalose and sucrose on days post culturing. In addition cultured lyophilized cells which loaded by trehalose or sucrose exhibited abnormal shape (showing cell rounding) in comparison to the other cultures. Also cell dispersing of confluent sheets of cultured lyophilized cells were found to take longer time (one hour) than that required to other cultures (few minutes) even on using EDTA and incubation at 37 C. Further studies are needed to investigate the biological behavior or cell changes which may be occurred through the lyophilization process in addition to study the susceptibility of such cells to virus infection. Depending on these facts it could be said that lyophilization is not valid for VERO, BHK and MDBK which usually used for preparation of virus vaccine in stationary or roller systems. It also could be suggested that preservation of cell lines by lyophilization may be of value in cell culturing suspension system.
Introduction
Continuous cell cultures are used to be an essential component of a routine work in the lab. They provide a good system for isolation and propagation of majority of human and animal viruses. In addition, they are used in production of viral antigens for various serological and molecular techniques. All types of cells could be cryopreserved and stored in liquid nitrogen (LN) tanks, in nitrogen vapor phase or in −80 °C freezers [1, 2, 3] . These traditional methods of cryopreservation is prone to transient warming events and various other hazards, such as cross-contamination [4, 5] and cell losses by 20 to 30 % [6] . Interestingly, lyophilization (freeze-drying) of the cells could theoretically substantially minimize the hazards related to storage at ultra-low temperatures, thus simplifying the procedure, decreasing expenses and taking into consideration better stockpiling and transport. These characteristics are especially important when long standing keeping is required. In addition, lyophilization does not include the defrosting process to which cell damage is attributed, particularly at large volumes (e.g. from recrystallization). Lyophilization has been employed in the preparation of some vaccines as one of the most important techniques for the preservation of heat-sensitive biological ingredients. Contrasted with different techniques, lyophilization has some well-known advantages; including sample stability at room temperature, defined porous product structure, easy reconstitution by increasing of water or aqueous solution, and simple transportation [7] .
Mammalian cells typically do not survive drying but biomolecules are often well preserved. For example, spermatozoa chromatin structure in freeze-dried sperm, is largely intact and can be used to fertilize an oocyte by means of intracytoplasmic sperm inoculation [8] . The potential of lyophilization have been shown to preserve genetic information of somatic and stem cells [9, 10, and 11] . Red blood corpuscles (RBCs) overloaded by the disaccharide trehalose can be lyophilized and rehydration of the lyophilized RBCs resulted in about 55% survival, built on the percentage of hemolysis [12] . The success of lyophilization of the mammalian cells was essentially dependent on the use of trehalose.
Anhydrobiotic organisms can tolerate the shortage of water because of their capability to construct great quantities of trehalose [13] . To reduce the damages of both desiccation and hypothermia through the lyophilization procedure, polyvinyl pyrrolidine (PVP40) was added as a protectant. The polyvinyl pyrrolidine (PVP40) can obstruct sucrose crystallization and stabilize the glassy structure of sugar [14] .During the rehydration of lyophilized cells Phosphate buffered saline (PBS) could be used as rehydration solution [7, 15] . Leslie et al [16] mentioned that the non-reducing disaccharides such as sucrose and trehalose play an important role in protection of biological membranes, liposomes and some intact cells from adverse effects of freezing and drying. This work aims to provide an alternative method for preservation of continuous cell lines other than the use of liquid nitrogen to avoid the possible hazards and disadvantages of using liquid nitrogen as a method of cells preservation.
Material and methods

Continuous cells cultures
Propagated and liquid nitrogen frozen African Green Monkey Kidney (VERO), Baby Hamster Kidney (BHK-21) and Madin Darby Bovine Kidney (MDBK) cell lines were supplied by Veterinary Serum and Vaccine Research Institute (VSVRI), Abbasia, Cairo, Egypt. These cell lines were used at a density of 4.8 ×10
4 cells/ml in 25 cm 3 tissue culture flasks using Minimum Essential Medium (MEM), Gibco, USA.With10 % (v/v) fetal calf serum (FCS) and incubated at 37 °C in 5% CO2 atmosphere. After 48 h incubation, non-adherent cells were discarded, when the cells grew up to 80%-90% confluence, the cells were harvested with 0.25 % (w/v) trypsin.
Preparation of cell lines for the lyophilization process
Loading with trehalose
Each harvested cell line was incubated with 100 mmol/L concentration of trehalose solution (Sigma-Aldrich) at 37 °C in 5% CO2 atmosphere for 24 h [17].
Loading with sucrose
Each of the harvested three cell lines was incubated with 100 mmol/L concentration of sucrose solution (Sigma-Aldrich) at 37 °C in 5% CO2 atmosphere for 24 h.
Freeze-drying suspension
The freeze-drying suspension was composed of 30% PVP40 , 100 mmol/L trehalose while 100 mmol/L sucrose was used in case of loading by sucrose, then the cells were suspended at a volume ratio of 2:1:2 with cell concentration 10 6 cells/ml [17] .
Freeze-drying process
The lyophilizing technique was carried out on Tofflon lyophilizer apparatus. A total of 2.5 ml freeze-drying system was filled into a sterilized glass vials covered with a semipermeable rubber stopper. The glass vial's inner diameter was 1.9 cm. The vials were placed on the shelf of the freeze-dryer, which had been precooled to −60 °C, so that quick freezing could be realized [18] . After cooling for 2 h, the primary drying began. The shelf temperature was set at −32 °C, and the vacuum was controlled under 10 Pa [19] . The primary drying process lasted for 16 h. Then the shelf was wormed up to 20 °C at a rate of 0.2 °C/min and held for 6 h. After freeze-drying, the vials were sealed and kept at room temperature for 2 h [17] then kept at -20 o C till subjected for evaluation of the effect of lyophilization process.
Rehydration
The lyophilized samples were equilibrated in 0.5 ml rehydration solution composed of 30% PVP40, 100 mmol/L trehalose in case of loading by trehalose and 100 mmol/L sucrose in case of loading by sucrose, and PBS buffer at a volume ratio of 2:1:2 for 5 min, then supplemented with 4.5 ml rehydration solution composed of MEM containing 20 % (v/v) Fetal Calf Serum [17] .
Results and discussion
In this work culturing of lyophilized cell cultures (VERO, BHK and MDBK) showed delayed cell adhesion to the culture surface extending to 2-3 days post culturing while the sub-cultured non-lyophilized cells adhered to the culture surface within few hours. It was obvious that the cultured lyophilized cells by using trehalose or sucrose exhibited abnormal shape (showing cell rounding) as shown in figures (1, 2 and 3) . The number of adhered cells/ml in case of using trehalose after six months of lyophilization were 3.0×10 4, 2.0×10 4 and 2.64×10 4 for lyophilized VERO, BHK and MDBK cells respectively (Table 1) .While in case of using sucrose instead of trehalose the number of adhered cells/ml were 2.1×10 4 , 2.0 ×10 4 and 2.05 ×10 4 for lyophilized VERO, BHK and MDBK cells after six month of lyophilization respectively (Table 1) . At the same time the cell number /ml after freezing and storage at liquid nitrogen were 3.0×10 4 , 2.15×10 4 and 2.55×10 4 for VERO, BHK and MDBK cells respectively (Table 1) . There are no available data agree or discuss the present obtained results. Although it was stated that lyophilization of the cells could theoretically substantially diminish the dangers related to storage at ultra-low temperatures, thus simplifying the procedure, decreasing expenses and taking into consideration, stockpiling and transport [7] .
There are two main assumptions demonstrate the protective effect of trehalose and sucrose as protectants to mammalian cells, where non-reducing disaccharides (trehalose and sucrose) act in drought by water-replacement hypothesis and vitrification hypothesis [20] . Quaak et al, [21] mentioned that non-reducing sugars as trehalose and sucrose were preferred as protectants for desiccated objects since they are less reactive than reducing monosaccharaides or disaccharides. When a comparison was made between trehalose and sucrose as protectant, it was found that the results of trehalose were better than those of sucrose (Table 1) and (Figure 4, 5 and 6 ). This could be attributed to the hydration radius of trehalose which is 2.5 times more than that of sucrose, indicating that 2.5 times the concentration of sucrose is needed to give the same protein protection effect as trehalose [22] . Also the trehalose has the ability to interact more than sucrose with both water and proteins and in the same time has the ability to replace water molecules which are attached to carbonyls at the phospholipid bilayer of cell membranes unlike the sucrose [23, 24] . On the other side there was less gradual decline in cell counting in all methods of cell culture preservation which could be attributed to change of the optimal cell culture viability environment. It was noticed that BHK cells were the most affected by the three methods of preservation showing more decline in cell counting than Vero and MDBK cells. Anyhow, it is clear that cell culture preservation in liquid nitrogen is the best one to maintain normal adhesion to the culture surface with normal shape and normal behavior on dispersing during the subculture process. So, it is recommended that more researches and investigations are needed in that respect regarding changing in cells multiplication behavior, biological and physiological cell functions and susceptibility to different viruses, and the possibility of using lyophilization for preserving cells which are planned to be used in cell suspension technique.
Conclusion
It could be concluded that the preservation of VERO, BHK and MDBK cells by lyophilization may be suitable in cell culturing suspension system more than stationary or roller culture systems.
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